A 64-year-old woman complaining of progressive dyspnea was admitted with recurrence of massive pericardial effusion. The patient had been diagnosed with radiation pericarditis based on a previous case of pericardiocentesis. To make a diagnosis and improve her symptoms, imaging examinations and pericardial fenestration were performed. Because of difficulty making a diagnosis, after some months, pericardiotomy and incision of the epicardium were performed. The patient was ultimately diagnosed with primary malignant pericardial mesothelioma of the epithelioid type. Primary malignant pericardial mesothelioma is a rare tumor that is difficult to diagnose. An antemortem diagnosis can be made by a multidisciplinary evaluation.
Introduction
Primary malignant pericardial mesothelioma (PMPM) is an extremely rare malignant tumor that accounts for 0.8% of all mesotheliomas and 2-3% of all pericardial tumors (1, 2) . Making a diagnosis of PMPM is very difficult, and the majority of cases are diagnosed at an autopsy (3) .
We herein report the case of a patient with PMPM that was diagnosed clinically by a multidisciplinary evaluation involving diagnostic imaging and surgical biopsies.
Case Report
A 64-year-old woman complaining of progressive dyspnea was admitted to our hospital in December 2014. The patient had histories of tuberculosis treatment and radiation therapy for right breast cancer in 1988, but she had no history of smoking or asbestos exposure.
Chest radiography showed cardiomegaly with bilateral pleural effusion. Chest computed tomography showed a thickened pericardium with massive pericardial effusion, mild bilateral pleural effusion, and calcified pulmonary nodules, although there were no pleural plaques. Transthoracic echocardiography also showed pericardial effusion (Fig. 1) . In 2011, the patient had presented to our hospital with pericardial effusion. Pericardiocentesis had been performed several times. Carcinoembryonic antigen of the pericardial effusion was 0.7 ng/mL, and squamous cell carcinoma antigen was over 70 ng/mL, but a cytological examination of the fluid was class III, and polymerase chain reaction (PCR) for tuberculosis was negative. While the irradiation field for breast cancer was unknown because radiation therapy had been performed 26 years earlier, the patient was diagnosed with radiation pericarditis.
The patient underwent video-assisted thoracoscopic peri- cardial fenestration to make a diagnosis and improve her symptoms. A histological examination of the resected pericardial specimen showed chronic epicarditis with reactive mesothelial proliferation, but a definitive diagnosis was not possible. Diuretic therapy for heart failure and steroid therapy for chronic inflammation were started. The pericardial effusion decreased, and the patient was discharged in January 2015. However, the patient was re-admitted due to recurrence of the pericardial effusion in March 2015.
The patient then underwent pericardiotomy and incision of the epicardium (Waffle procedure) in April 2015. A histological examination showed thickening of the pericardium with severe fibrosis and hyalinosis. Immunohistochemistry was positive for calretinin, D2-40, and cytokeratin 5/6 and negative for carcinoembryonic antigen, BerEP4 and thyroid transcription factor 1 (Fig. 2) . Ultimately, a diagnosis of the epithelioid type of PMPM was made. However, the patient's condition deteriorated due to disease progression. The patient received no chemotherapy, but she did receive palliative care. She died, and an autopsy was performed.
At the autopsy, malignant cells were found growing mainly in the pericardium, with invasion of the myocardium, ascending aorta, right pleura, and right lung (Fig. 3) . No other distant metastases were identified.
Discussion
PMPM is an extremely rare tumor that arises from the pericardial mesothelial cell layers. The prevalence of PMPM was lower than 0.0022% in a large autopsy study (4) . Compared with pleural malignant mesothelioma, PMPM is less strongly associated with asbestos exposure (5, 6). Prior radiation therapy has been reported to be one of the causes of PMPM (7) . In this case, the patient had no history of asbestos exposure but did have a history of radiation therapy. Therefore, she had been diagnosed with radiation pericarditis.
PMPM is often misdiagnosed at the first visit because of its nonspecific symptoms, including dyspnea, coughing, or chest pain. Chest radiography, chest computed tomography, and echocardiography, which are performed first in many cases, often show a thickened pericardium with massive pericardial effusion, which are not characteristic findings, making it difficult to distinguish PMPM from other diseases. The majority of patients with PMPM present with pericarditis with pericardial effusion, indicating that the disease has reached an advanced stage.
The diagnosis of PMPM is very difficult and often comes late in the clinical course. Serum mesothelin is considered to be the best biomarker of malignant pleural mesothelioma. Magnetic resonance imaging and fluorodeoxyglucose positron emission tomography scans are helpful for the diagnosis or staging of PMPM (8) (9) (10) (11) .
However, a definitive diagnosis requires a pathological examination. It is difficult to make a definitive diagnosis by pericardial fluid cytology or a histological examination of small pericardial specimens; thus, the majority of cases are diagnosed at an autopsy (3, 12) . The antemortem diagnostic yield is reported to be only 20% (3) . In the present case, although PMPM was suspected on diagnostic imaging on admission, radiation pericarditis and tuberculous pericarditis were considered in the differential diagnosis. A cytological examination of the pericardial effusion was class III, and a histological examination of the resected pericardium specimen by thoracoscopic pericardial fenestration showed only chronic epicarditis with reactive mesothelial proliferation. The patient was ultimately diagnosed by a histological examination of the resected pericardial specimen obtained by pericardiotomy and incision of the epicardium. It is likely that an antemortem diagnosis can be made by a multidisciplinary evaluation, with laboratory studies such as serum mesothelin and a pericardial analysis, diagnostic imaging, and surgical biopsies.
No standard treatment guideline for PMPM has yet been established. Although surgical resection is the treatment for localized disease (13) , most cases are diagnosed at an advanced stage. In such cases, systemic chemotherapy is performed. Cisplatin combined with pemetrexed has demonstrated some activity against malignant pleural mesothelioma and is also considered the first-line treatment for PMPM (14, 15) . Nonetheless, the prognosis of PMPM is dismal, with median survival times from the diagnosis of approximately six months (12) .
In conclusion, our patient with PMPM was diagnosed antemortem by a multidisciplinary evaluation including diagnostic imaging and surgical biopsies.
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